Several experiments are about to measure the CP asymmetry for B → ψK S and other decays. The standard model together with the Kobayashi-Maskawa ansatz for CP violation predicts the sign as well as the magnitude for this asymmetry. In this note we elucidate the physics and conventions which lead to the prediction for the sign of the asymmetry.
I. THE PROBLEM
It has been pointed out some time ago [1] that within the KM ansatz large CP asymmetries have to arise in B decays involving B 0 −B 0 oscillations. In particular the channel B d → ψK S combines a striking experimental signature with a clean theoretical interpretation [2] ; therefore it is often referred to as the "golden mode".
A first experimental information on the CP asymmetry in it has recently become available [3, 4] . The asymmetry is defined as follows This raises the following question: Can one predict also the sign in addition to the size of the asymmetry?
At first one might think that to be impossible. For A ψK S is a product of Im ρ(ψK S ) and ∆M B d , and the sign of the latter cannot be defined nor determined experimentally in a feasible way -in contrast to the case with kaons.
In this note we will show that the overall sign of the asymmetry A ψK S -and likewise for other asymmetries -can be predicted within a given theory for ∆B = 2 dynamics. For those who have thought about this question carefully, this has been known for a long time.
Indeed it has been discussed in [5] . Yet it has not been explained with all its aspects and in full detail. As the question becomes experimentally relevant, we feel that it is important to display all the subtleties involved. The paper will be organized as follows: in Sect. II we discuss the theoretical evaluation of ∆M K , ∆M B d , and ∆M Bs together with ∆Γ B S ; in Sect.
III we analyze the phase of (q/p)ρ; in Sect. IV we address other conventions or proposals;
in Sect. V we lay out a proper definition of the angles in the unitarity triangle before giving a summary in Sect. VI.
II. THE SIGN OF ∆M
For our discussion to be more transparent, we adopt a formalism and conventions which are applicable equally to the K 0 −K 0 and the B 0 −B 0 complexes.
Consider a neutral meson P carrying a quantum number F = −1; it can denote a K 0 or B 0 . The time evolution of a state being a mixture of P andP is given by
where Ψ(t) is restricted to the subspace of P and P :
Choosing the negative rather than the positive sign in Eq.(2.8) is equivalent to interchanging the labels 1 ↔ 2 of the mass eigenstates, see Eq.(2.5), Eq.(2.6).
This binary ambiguity is a special case of a more general one. For antiparticles are defined only up to a phase; adopting a different phase convention -e.g. going from CP|P = |P to
and thus Γ 12 ) invariant. This is as it should be since the differences in mass and width
being observables, have to be insensitive to the arbitrary phase of P .
Some comments are in order to elucidate the situation:
• We can define the labels 1 and 2 such that
is satisfied. Once this convention has been adopted, it becomes a sensible question whether
holds, i.e.whether the heavier state is shorter or longer lived.
• In the limit of CP invariance the two mass eigenstates are CP eigenstates as well, and we can raise another meaningful question: is the heavier state CP even or odd?
Since CP invariance implies arg -With q p = +1 we have
For CP|P = |P , P 1 and P 2 are CP even and odd, respectively and therefore
For CP|P = −|P , on the other hand, P 1 and P 2 switch roles; i.e. P 1 and P 2
are CP odd and even now. Thus
-Alternatively we can set q p = −1:
while maintaining CP|P = |P ; P 1 and P 2 are then CP odd and even, respectively. Accordingly
-Eq.(2.15) and Eq.(2.18) on one side and Eq.(2.16) on the other do not coincide on the surface; yet, we will see below that the theoretical prediction for M 12 changes sign depending on the choice of CP|P = ±|P . Thus they all agree, of course.
• Within a given theory for the P − P complex, we can evaluate M 12 , as discussed
below. Yet some care has to be applied in interpreting such a result. For expressing mass eigenstates explicitely in terms of flavour eigenstates involves some conventions; see the examples above. Once we adopt a certain convention, we have to stick with it; yet our original choice cannot influence observables. It is instructive to trace how this comes about.
The relative phase between M 12 and Γ 12 on the other hand represents an observable quantity describing indirect CP violation. Therefore, we adopt the notation , respectively; i.e., the real quantities M 12 and Γ 12 are a priori allowed to be negative as well as positive! A relative minus sign between M 12 and Γ 12 is of course physically significant, while the absolute sign is not. Yet, we will see that the absolute sign provides us with a useful bookkeeping device.
A. ∆M K
The two kaon mass eigenstates can unambiguously be labelled by their lifetimes as K L and K S . One can then address the question how they differ in other properties: data reveal
. We then adopt the conventions
which make both differences positive: 
We will show below that the standard model box diagram indeed reproduces the 'correct', i.e. observed sign for ∆M K (and -more surprisingly -even for ∆Γ K ).
The situation is qualitatively different here. While the two mass eigenstates will have different lifetimes, no useful experimental information exists on that. It is actually quite unlikely that such information will become available in the foreseeable future, since
is estimated not to exceed the 1% level * . Thus we have to rely on a theoretical prediction
We can confidently predict for B d mesons
Since we have to leading nontrivial order in
we get from Eq.(2.11) There are two features that distinguish B s from B d decays in ways that are quite significant for our present discussion.
• While r Bs ≪ 1 holds also for B s mesons, ∆Γ/Γ might not be that small. It has been 
and E(x i ) and E(x i , x j ) reflect the box loops with equal and different internal quarks (charm or top), respectively:
The η′ contain the QCD radiative corrections; they have been studied through next-toleading level in order to understand the theoretical errors. We shall not go into the scale dependence as well as errors associated with uncertainties in Λ QCD , m t , etc. Such a discussion can be found in Ref. [10] . For us it is important to note that they are all positive.
These QCD corrections arise from evolving the effective Lagrangian from M W down to the scale µ at which the hadronic expectation value is evaluated. The latter task is far from trivial even for a local four-fermion operator since on-shell matrix elements are controlled by long-distance dynamics. In principle the value of µ does not matter: the µ dependance of the ∆F = 2 operator is compensated for by the µ dependance of the expectation value. In practise however, the available methods for calculating these matrix elements do not allow us to reliably track their µ dependance or they are applicable only for µ ∼ 1 GeV. Its size is customarily expressed as follows:
which represents a parametrization rather than an ansatz as long as the value of B P is left open.
B P = 1 is referred to as vacuum saturation (VS) since it emerges when only the vacuum is inserted as intermediate state.
Let us see the origin of the minus sign. One obtains . Setting
one finds with CP |0 = |0 and the convention CP|P = +|P †
Several theoretical techniques have been employed to estimate the size of B P . For a recent review, see Ref. [11] . Again for us it is important that they all yield B P > 0. ‡ Within the Standard Model the short-distance contributions thus predict unequivocally
for K as well as B mesons. There are sizeable long distance contributions to ∆M K , which are estimated to be positive as well [7] . In any case it would be quite contrived to expect them to cancel the short distance contributions. † The VS result follows even with CP |0 = e iα |0 . ‡ The fudge factor B P is sometimes called the bag factor since the MIT bag model was at an earlier time considered to yield a relatively reliable estimate for its size. It might be amusing to note while the bag model yields B B > 0 as a very robust result, it is much less firm on B K : both B K > 0 as well as B K < 0 emerge when varying the model parameters over a reasonable range!
With the definition CP|P = |P used here, K 2 is the mainly CP odd state. Thus the Standard Model agrees with the experimental finding that K L is heavier than K S -a fact which is not often stressed in the literature.
For the K meson system, the box diagram does not lead to a reliable prediction for ∆Γ K since the decay is dominated by K → ππ which is anything but short distance dominated. Now that we know sin(∆Mt) describes the oscillations with positive ∆M, we need to know the phase of ρ(ψK S ), which is defined by
here we have used CPH ∆B=1 CP † = H * ∆B=−1 .
Adopting the convention CP |P = +|P we obtain
where the minus sign reflects the fact that ψK 0 form a P wave. Thus
3) § It is quite amusing that for ∆Γ K the sd → "uū" → ds transition gives the correct sign for ∆Γ K . * * The question of the sign of ∆Γ B d might remain academic for experimental reasons. Theoretically the situation is not so clear due to large GIM cancellations [9] .
From Eq.(2.7), we see that
Putting everything together we find the asymmetry is given by 5) with the quantities η and ρ referring to the Wolfenstein representation of the CKM matrix.
With η inferred to be positive from ǫ one concludes that this asymmetry has to be 
since now
That means thatM 12 changes sign; yet -as pointed out before -the two labels 1 and 2 exchange their roles then as well, see Eq.(2.16). The prediction that K L is slightly heavier than K S thus remains unaffected. 
V. RELATION TO THE UNITARITY TRIANGLE
To conclude our discussion we explicitely restate the connections between the angles in the unitarity triangle, the CKM parameters and observable CP asymmetries.
The angles φ 1 , φ 2 and φ 3 are defined in Fig.1 ; as can be read off from Fig.2 they can be expressed by Our discussion illustrates that we can choose any convention we want -provided care is applied in treating everything consistently. We view it, however, as very useful to have a formalism for describing B oscillations that parallels that for kaons. Furthermore it is much more natural to invoke theory to decide on the sign of ∆M B .
